For the last two decades we have been observing a huge increase in discoveries of long-period comets (LPCs), especially those with large-perihelion distances.
INTRODUCTION
In this century the spectacular increase in discoveries of longperiod comets (orbital period greater than 200 yr, a >∼ 34 au, hereafter LPCs) is observed. At the same time, there is no statistical comparison of these findings, for example in the context of the previous history of discoveries. Thus, we present such an analysis for all LPCs discovered since 1800 as well as for various statistical comparisons using some subsamples of LPCs. We focus mainly on differences between Oort spike comets and LPCs with more tight orbits, and differences between small-and large-perihelion LPCs 1 in the context of their discovery statistics and 1/aori-distributions.
Several valuable papers and books containing a review of a LPCs population were published so far. To mention some ⋆ E-mail: mkr@cbk.waw.pl † E-mail: dybol@amu.edu.pl 1 We use concise terms: large-perihelion comets and small-perihelion comets for objects moving on orbits with a perihelion distance over 3.1 au or below 3.1 au, respectively. of them we should start with van Woerkom (1948), through Wiegert & Tremaine (1999) , Francis (2005) , Rickman (2014) , Fouchard et al. (2017) and end with two excellent books on this subject: Fernández (2005) and Rickman (2018) . In comparison with these previously published results our paper benefits from more numerous and more precise LPCs orbits.
In the present paper we use the term 'Oort spike' in two slightly different meanings. Strictly speaking, if we treat the Oort spike comets as coming from the hypothetical Oort cloud (Oort 1950) we have to restrict ourselves to elliptical original orbits. Therefore the strict understanding of this term corresponds to a definition based on the semimajor axis reciprocal of the original comet orbit: 0 < 1/aori < 0.0001au −1 .
But in many cases it is more appropriate to use this term in a wider sense. Apart from observational uncertainties the main reason for including some comets outside the above interval of 1/aori to the Oort spike comets, especially those with small perihelion distances, is the existence of the non-gravitational forces (hereafter NGF). Except perhaps a few special cases we believe that probably all LPCs with negative 1/aori are the re-sult of omitting or inadequate treating of NGF during the definitive orbit determination process. This widely accepted opinion is strongly upheld by numerous cases, when NGF parameters are successfully determined for LPCs, see for example Marsden et al. (1973) ; Królikowska (2001 Królikowska ( , 2004 Królikowska ( , 2006 ; Królikowska (2014) ; Królikowska & Dybczyński (2010) . The typically observed effect of shifting toward positive values of 1/aori after including NGF into the dynamical model convince us to classify as the Oort spike comets also those, where NGF are indeterminable.
Additionally, in this wider sense, we also treat as potentially belonging to the Oort spike all LPCs with 1/aori slightly greater than 0.0001 au −1 , just accounting for the observational uncertainties. Such a wider understanding of the 'Oort spike' which includes both negative and positive 'wings' of the spike will be clearly notified in the remaining text.
In this paper we present various statistics for over one thousand of LPCs and try to interpret some interesting differences in distributions between Oort spike and the remaining LPCs (sections 2-4.2) and next we study 1/aori distribution for over 880 of them (sections 5 and 6). To face this last task, we collected a list of original 1/a for the whole sample of LPCs with definitive orbits basing on our previous orbital determinations (see for example Królikowska & Dybczyński 2017; Królikowska & Dybczyński 2013, KD17 and KD13, respectively) , the printed version of Catalogue of Cometary Orbits (Marsden & Williams 2008) and Websources, mainly IAU Minor Planet Center Database Search Engine 2 and Nakano Notes 3 . In the last section we summarize our findings. For all LPCs the semimajor axis is the most difficult orbit element to determine. It is a common practice to assume a parabolic orbit in cases when it is too difficult to obtain the orbital eccentricity. In the studied sample of LPCs we found such a situation for almost 20 per cent of objects. The indeterminacy of 1/a forced us to exclude them from some part of this study, especially in Sections 5 and 6. But parabolic orbits contain valuable approximate information on the remaining orbital elements of LPCs, so we carefully examined the possibility of including these comets into various statistics, see Sections 3-5. We also attempted to determine several definitive orbits for many objects previously classified as 'parabolic comet' to minimize the unknown influence of parabolic comets on LPCs statistics (see Section 2.1).
DISCOVERY STATISTICS FOR LPCs DISCOVERED
OVER THE 1801-2017 PERIOD.
We use the JPL Small Body Database Search Engine 4 to construct a complete list of LPCs discovered since 1801, omitting sungrazing comets (the limit of 0.07 au for the smallest accepted perihelion distance was adopted). Currently (August 2018), about 1500 orbits of sungrazing comets can be found in JPL database, from among over 3 000 already discovered (Jones et al. 2018 ). Due to extremely short data-arcs of sungrazers (typically 1-3 days) almost all their orbits are obtained with the assumption of e = 1; about ∼1480 parabolic orbits with q < 0.07 au could be found in JPL database in August 2018. Most of the sungrazers were discovered by the Solar and Heliospheric Observatory (SOHO) over the period of 1995-2008. Sungrazers typically have only dozens of meters in diameter and evaporate during the observed perihelion passage. Figure 1 . Distribution of number of parabolic comets in the function of the moment of their discovery. All bins covered 10-yr period except the last bin starting from 2011 which spans a time period of 7 yrs. In the upper panel the distribution of small-perihelion comets (q < 3.1 au, green histogram) is given on the gray background distribution of all parabolic comets, darkgreen histogram in the lower panel shows a small subsample of large-perihelion comets (q > 3.1 au). The red horizontal lines in the upper panel show the mean rate of 'parabolic' comets discovery (mean number per decade) averaged over the 50-year periods. Vertical arrows drawn above the last bin (years 2011-2017) indicate that statistics will be significantly richer after 2010
More than 80 per cent of them are members of the Kreutz group and are believed to be fragments of a one large comet that broke up several centuries ago (Kreutz 1888; Sekanina & Chodas 2004 , 2007 . A few other groups of sungrazers were also recognized, more numerous are the Kracht, Marsden and Meyer groups. Thus, this family of objects (often dynamically related to each other) requires a completely different approach than the parabolic comets with larger perihelion distances analysed in this paper, and therefore are not considered here.
The JPL database is the best source of data for such statistical analysis due to its completeness. However, it offers only osculating cometary orbits in a heliocentric frame. Basing on these orbits the three following lists of LPCs are available in JPL database:
• 'parabolic' comets, • 'hyperbolic' comets (in means of the shape of heliocentric osculating orbit),
• 'other' comets; it includes comets with highly elliptical osculating orbits which are not matching any of the remaining cometary orbit classes listed in the JPL database.
This JPL division into the last two subclasses of LPCs ('hyperbolic' and 'other' comets) is of little use from the point of view of this research. Instead, we will divide all these LPCs with known eccentricities into two other subgroups depending on the length of their original semimajor axis (section 2.2).
Parabolic comets
In June 2018, the original JPL list of parabolic comets consisted of 217 objects having perihelion distances larger than 0.07 au, however, we have removed four secondary components (C/1860 D1-B, C/1994 G1-B, C/2005 K2-A, C/2011 J2-C), and C/2002 Q3 because its main component A is in the list of 'other' comets. Ad- Table 1 . Eccentricities (column 6) and 1/a-original (column 7) for some parabolic comets in JPL, where 1/a ori is given in units of 10 −8 au −1 Column 8: 'Oortspike' denotes comets with a ori > 10 4 au, 'outside' means nominal orbit with a ori < 10 4 au within 1σerror, 'outside-' means that nominal orbit suggests a ori < 10 4 au, however within 1σerror this comet can also be an Oort spike comet, and 'HYP' marks hyperbolic original nominal orbit, however, additional '-' emphasizes that within 3σerror this comet can be inside Oort spike. KAT1901-1950 means PartII of Catalogue one-apparition comets (Królikowska et al, in prep.) Solution for C/1968 Q1, column 4: an asterisk notes that the last observation was taken with the weight of 0.1. Second solution for C/2014 W 10 , last column: * * -see text for details. (C/1917 H1, C/1923 T1, C/1925 X1, C/1927 A1, C/1930 L1, C/1932 H1, C/1935 M1, C/1946 K1, C/1947 F2, C/1947 K1) to the remaining two cometary lists according to orbital results obtained by Królikowska et al. (in prep ., see the part (a) of Table 1 ).
Additionally, we have tried to determine definitive orbits for some other 'parabolic' comets. Unfortunately, as many as 109 comets from this list are objects discovered before 1900 and there
are not yet available in contemporary databases. However, such data are available at the Minor Planet Center for the majority of comets discovered after 1950. That is why we have focused only on this group of comets and selected objects observed longer than 4 weeks. The choice of this particular criterion is obviously a sim-plification, because in addition to the length of the observation interval, many other factors affect the quality of an orbit: number of observations and the accuracy of a single measurement, location of the data-arc along the orbit (how far they are from a perihelion), and a distance of a perihelion from the Sun. As a result, we found 30 comets (37 per cent of all 'parabolic' comets discovered since 1950 and presented in the JPL database in July 2018) and calculated their definitive orbits. Characteristics of the observational material and obtained eccentricity of osculating orbit as well as 1/a for the original orbit are given in part (b) of Table 1 (columns 1-8), together with additional two comets basing on our previous results -see below). Column 9 gives a quality of the obtained orbits according to the method proposed by us in KD2013.
It is worth to mention an interesting case of the most hyperbolic original orbit of C/1987 W1. In the first version of this paper we obtained even more hyperbolic original orbit for another comet, C/2014 W10 (see the second row for this comet in Table 1 ). In the original version of this manuscript a relatively high eccentricity of 1.37 ± 0.38 was given by us. As a result of such an unusual orbital solution a call for a search for additional data was announced . After this astro-ph note publication a few more and corrected data were obtained by us via a private communication with Robert Weryk 5 and we were able to upgrade this unusual solution (see first orbit for this comet in Table 1). There are still some unresolved problems with the orbit of this comet and we plan to update the above mentioned note in the future.
It should be stressed, that the Oort spike defined strictly as 0 < 1/aori < 100 in units of 10 −6 au −1 is very narrow comparing with typical 1/aori uncertainties presented in Table 1 . As a result only one comet, C/2007 Q1, can be formally classified as the Oort spike member in a strict sense, 11 comets as originally hyperbolic and the rest as highly elliptical.
Instead of that formal description of Oort spike we propose a softened one which takes into account large 1/aori uncertainties and indeterminacy of the NGF in these cases. Column 8 describes this classification of the semimajor axis of original orbit. We introduced here three types of original orbits: (i) When nominal orbits have a < 10 000 au we remark them as 'outside' the Oort spike if the value of 1/aori is farther than 1σ-error from the Oort spike right border (1/aori = 100 in units of 10 −6 au −1 ) and as 'outside-' if this nominal value is closer than 1σ-error. We have found 17 objects belonging to the first group and 3 comets to the second group.
(ii) When nominal orbits have a > 10 000 au we remark them as 'Oort spike'. We found only one such object.
(iii) All comets highlighted in grey are comets with hyperbolic original nominal orbit. These orbits within 3σ-uncertainties are compatible with Oort spike orbits, except the orbit of C/1987 W1. However, we can only speculate that all 'HYP' orbits presented in Table 1 can be counted as orbits of comets coming from the outermost part of the Oort Cloud, therefore we retain them in the list of parabolic comets. We have obtained 11 such objects.
We obtained that only 40 per cent of analysed sample of 30 'parabolic' comets discovered since 1950 seems to have aori > 10 000 au. Basing on the above results, we can conclude that the whole sample of 'parabolic' comets probably contains Oort spike comets (in a wider sense, i.e. also slightly hyperbolic), and LPCs with more tight orbits in more or less equal proportions.
According to the above results ((part (b) of Table 1 ) we moved 15 comets (C/1962 H1, C/1965 S2, C/1966 R1, C/1967 C2, C/1968 Q1, C/1968 U1, C/1977 H1, C/1978 C1, C/1978 T3, C/1987 T1, C/1988 Y1, C/1989 R1, C/1989 Y2, C/1990 E1, C/1992 J2) Table 1) , and according to our and MPC results the first was included in a 'hyperbolic' list and the remaining three in 'other' comets. This way, the original JPL list containing 212 different 'parabolic' comets has been reduced here by 15 per cent.
Finally, a sample of 181 'parabolic' comets was taken into account. Distribution of their discovery throughout the analysed period is given in Fig. 1 . Only six of them have a perihelion distance larger than 3.1 au (dark-green histogram in the bottom panel). Four horizontal red lines show the mean rate of discoveries averaged over the 50-yr intervals, and the fifth dotted red line -averaged over the last 17 yr time-interval. During the period of 1901-1950 two world wars took place which might have caused a decrease in comet discoveries during that period. This caused a wavy trend with deep minimum between 1901-1950 (third red horizontal line from the left). The general trend in the significantly smaller number of parabolic comets over the period of 1950-2000 (mean discovery rate of 5.8 per decade) compared to the 1851-1900 period (13.6 comets per decade) most likely results from improved ob- servation capabilities and incomparably better numerical calculations capabilities (computers) in the second half of 20th century. It seems that the high discovery rate of parabolic comets for the 1851-1900 period is seriously overestimated here compared to more recent periods. Once again it is worth noting that the list of parabolic comets has been shortened by us only since 1901. We have checked that in the period 1851-1900, 8 'parabolic' comets were observed longer than three months, 22 objects longer than two months, and as many as 41 comets longer than one month. Let's assume that for 50 per cent of these 41 comets it would be possible to determine a definitive orbit with positive original semimajor axis (just as for the 1951-2000 period, see part(b) of Table 1 ). Then this rate would be only about 9.2 of 'parabolic' comets per decade within the second half of 19th century. Unfortunately, to do this it would be necessary to collect the positional data from the huge number of original papers and then process (comet-star)-measurements through modern star catalogues (see for example Królikowska & Dybczyński 2016) for the majority of these comets.This work is in progress.
On the other hand, in the first decade of 21th century as much as 14 'parabolic' comets were observed shorter than two weeks, and next four shorter than four weeks. The majority of them were discovered automatically as very dim objects and for that reason sometimes classified at first as asteroids. Moreover, almost all of them were discovered just within a few days around their perihelion.
Generally, parabolic comets constitute a large part of LPCs (around 17 per cent of all considered LPCs after all our reclassifications). As was mentioned above, we determined definitive orbits for 32 previously parabolic comets in JPL database including four comets which have also definitive orbits in IAU Minor Planet Center database presented in the part (b) of Table 1 . We also added 10 objects with definitive orbits taken from Królikowska et al. (in prep., part (a) of Table 1 ). Statistics are not impressive, however in this subsample of 42 'improved' orbits there are 3 Oort spike comets, 28 LPCs moving on more tight orbits (aori < 10 000 au), and 11 comets probably from the Oort spike in a wider sense. It is Figure 4 . Number ratio of large-perihelion comets (q > 3.1 au) to smallperihelion ones (q < 3.1 au) in function of a discovery period. Red curve shows statistics for Oort spike comets whereas the green curve describes LPCs outside Oort spike, the overall ratio for the whole sample of LPCs is plotted in black (parabolic comets were not included in that sample) and cyan colour (parabolic comets were included). These ratios were calculated for 10-yr bins, except for the last bin which covers 7 yr-period from 2011 to 2017.
reasonable to assume that it is more or less similar within the entire sample of parabolic comets, where definitive orbits can not be determined. Thus, parabolic comets (97 per cent of them have small perihelion distances and consequently probable significant NGF) do not seem to be able to change the general conclusions that will be drawn further in this paper from the comparative analysis of Oort spike comets and remaining LPCs with definitive orbits. Under that last term, we mean all LPCs with determined eccentricities from the positional data, in short all LPCs with e = 1. Parabolic comet means a comet having an orbit determined with the assumption that e = 1 (comets with very poorly known orbits). Oort spike comets are comets having a ori > 10 000 au whereas remaining comets include all LPCs with a ori < 10 000 au.
Oort spike comets Remaining LPCs All three types together years q < 3.1au q > 3.1au q < 3.1au q > 3.1au q < 3.1au q > 3.1au q < 3.1au q > 3.1au 
Sample of LPCs with definitive orbits
The original list within 'hyperbolic' class of orbits in JPL database consisted (in June 2018) of 337 comets discovered in the 1801-2017 period, where 5 of them are the secondary cometary components excluded by us. We added 1/aori-values to the data using our previous original orbit determinations for Oort spike comets defined by 1/aori < 0.000100 au −1 :
• from Królikowska et al. (2014) : comets from the years between 1901-1950,
• from KD17: comets with q > 3.1 au, years between 1951-2010,
• from KD13: comets with q < 3.1 au, years 2001-2010,
• from Dybczyński and Królikowska (in prep.) : comets with q > 3.1 au, years 2011-2017), and
• from Królikowska et al. (in prep.) : a few comets from the years 1901-1950 with parabolic orbits in MWC 08.
For the remaining comets we took values of 1/aori available thanks to IAU Minor Planet Center database and Nakano Notes. It turned out that 236 objects are Oort spike comets (in a wider sense i.e. including 42 slightly hyperbolic original orbits) and 96 comets have more tight original orbits from these among JPL 'hyperbolic' group.
Original JPL list of 'other' comets consisted of 511 objects. However, we excluded 153P/Ikeya-Zhang as a unique comet with orbital period longer than 200 yr which was observed in its two consecutive perihelion passages. Additionally, we excluded C/2017 Y2 PANSTARRS which turned out to be a short-period comet according to Minor Planet Center (short arc of 19 days and poorly known orbit). Three comets which are secondary components were also excluded. We collected the 1/aori-values for the 506 remaining 'other' comets from the same sources as those listed for the case of 'hyperbolic' list. Next, we found 14 LPCs defined in the JPL database as Jupiterfamily comets (JFCs) according to the Levison and Duncan criterion which is based on the Tisserand parameter relative to Jupiter in the restricted circular three-body problem, TJupiter, see for example Levison (1996) . They define NIC (nearly isotropic comets) using the condition TJupiter < 2. For example, C/2004 P1 NEAT having 2 < TJupiter < 3, and semimajor axis about 8100 au was classified at JPL as JFC. Another example is C/2016 X1 with semimajor axis of about 3240 au which according to conditions: TJupiter > 3, a > aJupiter is included in JPL in the group of Chiron-type comets. Both these comets, and other 13 comets At the end, we combined both these lists, and added 31 comets which we removed from the original 'parabolic' list as comets with known eccentricities (see the previous section and Table 1) .
Finally, our sample of LPCs discovered in the years 1801-2017, and with known eccentricities and perihelion distances larger than 0.07 au, consists of 884 comets. Fig. 2 shows perihelion distances of all these LPCs with positive 1/a-original values (barycentric frame) where comets having hyperbolic osculating heliocentric orbits are represented as green dots whereas the remaining LPCs are given by blue dots. It turned out that only 42 comets formally have hyperbolic barycentric original orbits and were excluded from this plot. However, in most cases orbits of these 42 comets can be elliptical within 3σ uncertainties, see the discussion on this in the Introduction.
Similar plot, using also logarithmic scales is presented in Dones et al. (2015) , but for osculating heliocentric semimajor axes (see Fig. 3 therein) . As a result all 'hyperbolic comets' in term of their osculating orbits (green dots in our Fig. 2 ) are omitted in their figure. Additionally, in the figure based on the osculating heliocentric semimajor axis it is impossible to clearly indicate where Oort spike comets are located. Moreover, this way of presentation resulted in the illusory impression that semimajor axes of LPCs exceed 10 000 au only for a very small number of LPCs. We can not find any information how the sample of 1188 comets given in Fig. 3 of Dones et al. (2015) was selected. However, such a selection gives a poorly representative sample of known LPCs (it is important to note that all parabolic comets are omitted in both plots).
Distribution of LPCs discovery throughout the analysed period is given in Fig. 3 and Table 2 .
Light-gray histogram visible in the left-side panels of Fig. 3 shows distribution of all Oort spike comets (including hyperbolas) in the 10-yr bins (287 objects) whereas light-gray histogram given in the right-side panels represents distribution for the full sample of the remaining LPCs with definitive orbits (597 objects with e = 1).
SMALL PERIHELION VERSUS LARGE PERIHELION LPCS
Green histograms in the upper part of Fig. 3 show similar statistics as above for small-perihelion comets in the same bins (158 and 461 comets, respectively for Oort spike comets and LPCs with more tight orbits) whereas dark-green histograms in the lower part of this figure represent analogous distributions for large-perihelion comets (129 and 136 objects, respectively). Generally, the rapid increase in the number of discovery of all subgroups of LPCs with e = 1 is evident. This increase began around 1970 and has continued until now, with the remarkable discovery rate increase just before the end of the 20th century. It is worth to notice that the number of discoveries of small-perihelion LPCs in the last 17 yr (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) ) is comparable to the number of discoveries of the objects of the same type during the whole 20th century (see Table 2 ). Conversely, the number of large-perihelion comets discovered in this short period is more than twice as large as during the 20th century. It means that in the last 17 yr we have observed a remarkable increase in the rate of large-perihelion LPCs discovery, mainly due to the effectiveness of large sky surveys.
C/1906 E1 was the first discovered comet with q > 3.1 au in the sample studied in this paper but discoveries of large-perihelion LPCs were very rare before 1970 and only 15 objects with q > 3.1 au have been detected up to that time while around two hundred of small-perihelion comets were known by that time. Since 1970 the number of large perihelion LPCs has been systematically increasing. Currently, they constitute 30 per cent of the whole sample of LPCs with e = 1.
We noticed a surprising fenomenon that in the sample of Oort spike comets this percentage of large-perihelion comets is even significantly higher and reaches 45 per cent while in the remaining sample of LPCs on more tight orbits it equals only 23 per cent. This substantial difference in the percentage of large-perihelion comets in both samples (the Oort spike and LPCs with more tight orbits) is also easily visible in Fig. 3 and Table 2 . Fig. 4 additionally shows how the discovery ratio of largeperihelion comets to small-perihelion comets has evolved since 1800 in these different groups of LPCs. Presented statistics allow reliable conclusions only for the period since 1970s (see Table 2 ). Fig. 4 shows that since 1970 the ratio of the number of large-perihelion comets to the number of smallperihelion comets has been higher for comets from the Oort spike (in a wider sense, i.e. all comets having 1/aori < 0.0001 au −1 , red curve) compared to the remaining LPCs (aori < 10 000 au, green curve). The black line shows this ratio for all LPCs considered here.
The question is whether this effect would be visible if it was possible to incorporate parabolic comets into both subsamples. Using the previous conclusions from the section 2.1 let us assume that parabolic comets would give a similar contribution to both groups of LPCs. The result of such a simple assumption on how this ratio would change after 1970 is presented in Table 3 . It can be seen that these quite different proportions of large-perihelion comets to small-perihelion comets still exist between both subsamples of LPCs for such a corrected ratio in all five time periods (compare column 4 and 5 in this table).
DISCOVERY DISTANCES
Searching for the interpretation of the phenomenon described above we decided to investigate discovery circumstances, espe- Figure 5 . Geocentric discovery distances for all 1065 LPCs versus discovery date. Green dots represent parabolic comets, red dots Oort spike comets in a wider sense (1/a ori < 0.0001 au −1 ) and black dots depict the remaining LPCs. Figure 6 . Heliocentric discovery distances versus the perihelion distances for all 1065 LPCs. Dot colour coding is as in Fig. 5 . Six comets discovered at exceptionally large distance are omitted in the main plot but presented in the inset at the right lower corner. These six comets are named in Fig. 5. cially the discovery distances. With a great help of Meyer Catalogue of Comet Discoveries (personal communication 6 ) we collected all discovery dates for the considered LPCs and calculated geocentric and heliocentric distances and elongations for these epochs. In Fig. 5 we present geocentric discovery distances of all considered comets, divided into parabolic, Oort spike and the remaining LPCs. It is a striking fact visible in Fig. 6 that after 2000 we discover comets at large distances independently of their perihelion distances. Figs. 5-6 show that the Oort spike comets (red dots) are discovered statistically at larger distances and more often have larger perihelion distances than LPCs on more tight orbits (black dots). We note that among LPCs discovered further than 7 au as much as 72 per cent are Oort spike comets. This percentage grows to 79 if we move to 8 au. Numbers describing the whole statistics after 1970 can be found in Table 4 . The last column in this table additionally shows how the number ratio of Oort spike comets and remaining LPCs increases in a function of the geocentric distance at the moment of discovery, ∆ disc . For ∆ disc <2.0 au this ratio is smaller than 0.3 (under the conservative assumption for parabolic comets included in the group of Oort spike comets) whereas for ∆ disc >5.0 au is about 1.5. The actual distribution of the perihelion distance is still unknown, we can therefore only speculate about the most probable explanations for this observational fact, i.e. more numerous discoveries of Oort spike comets with large perihelion distance than other LPCs with large q. Generally, this may be the effect of significant differences in actual (unknown) perihelion distance distributions between Oort spike comets and LPCs outside the Oort spike (especially for large-perihelion comets, see also sect. 4.2) or it can be caused by a simple observational selection effect, reflecting the fact, that Oort spike comets are, for some reason statistically discovered at larger distances (both geocentric and heliocentric). Assuming that unknown q-distributions (for Oort spike comets and LPCs moving on more tight orbits) are not different enough to fully explain what is being observed, it rises even more intriguing question: why the discovery distances of Oort spike comets are statistically larger?
An obvious answer might be, that the Oort spike comets are generally brighter than other LPCs at the same geocentric distance.
It should be stressed, that we are not speaking here about their absolute brightness but their observed brightness at a large distance when they start their observable activity and therefore are discovered. This in turn does not seem to be an observational bias but a consequence of their different physical properties. Furthermore a number ratio between large-and small-perihelion LPCs seems to change gradually with their 1/aori in a significantly wider range of 1/aori than the 1/a-range of the Oort spike (see section 5). Today it is difficult to decide what is the main reason for this effect. One of the interesting interpretations can be that this is a result of different processes responsible for cometary activity at different distances from the Sun and a gradually forming crust on the surface of the cometary nucleus in subsequent perihelion passages near the Sun. Another, or additional, supposition might be that dynamically new LPCs (that is LPCs with previous perihelia outside the inner part of our planetary system, see Dybczyński 2001; Królikowska & Dybczyński 2017 ) are on average larger than dynamically old LPCs and during the first few passages near the Sun, their sizes are significantly reduced. Recent WISE/NEOWISE discoveries (Bauer et al. 2015 (Bauer et al. , 2017 suggest that the LPCs are on average almost twice as large as short period comets. So maybe dynamically new comets are, on average, even bigger. Unfortunately, the dynamical status is known only for about 50 per cent of Oort spike comets discovered so far. We can estimate that only ∼100 objects within the Oort spike comets are dynamically new objects, however, we can not identify them all yet. Our project on obtaining the dynamical status of all Oort spike comets, started many years ago, is still ongoing but it is a very time consuming task. This forced us to investigate the sample of Oort spike comets instead of the sample of dynamically new comets, although the latter would be more interesting from a dynamical point of view and will be done in future.
Discovery elongations versus discovery distances
It is obvious that seeing a dim and diffuse object in small elongations is much more difficult than in large ones. And this is clearly visible in the case of LPCs, see second and third part of Table 4 . One can see that the significant differences in statistics start from ∆ disc > 5 au. These cometary detections since 1970 show that when we look at the sky in large elongations, we can easily discover a comet over 5 au from the Earth. Statistics show that more Oort spike comets were discovered at ∆ disc >5 au than on smaller ∆ disc . In a group of remaining LPCs with definitive orbits we have only about 30 per cent of objects having large ∆ disc . Thus, in elongations greater than 90
• we can have a greater chance to observe quite a different type of cometary activity than the standard water sublimation starting around 3-5 au from the Sun.
In the opposite case of small elongations, it seems that we have a serious problem with the detection of a comet beeing further than 5 au from the Earth at the moment of observation, because statistics show here two and four times less LPCs having larger ∆ disc for Oort spike comets and remaining LPCs, respectively.
Therefore, a sample of LPCs discovered at large elongations seems to be more suitable for discussing the distribution of comets in a function of ∆ disc as giving a more complete sample to larger distances from the Earth and the Sun (it is worth to notice that in such a geometry the heliocentric distance at the moment of discovery is always larger than ∆ disc ) than the sample of LPCs discovered in small elongations. Additionally, this statistics limited to large elongations, though similar to statistics based on the full sample of LPCs (compare with general statistics of elongations presented in the first part of Table 4 ), is significantly less sensitive to the existence of a group of parabolic comets. One can see that for large discovery elongations we have only 16 parabolic comets distributed almost uniformly in the range 0< ∆ disc <10 au, whereas in the case of full statistics we have as many as 29 parabolic comets in the narrower range of 0< ∆ disc <2 au, i.e more than Oort spike comets in the same range.
Conclusion from the sample limited to large elongations is that the number ratio of Oort spike comets and remaining LPCs sharply increases in function of ∆ disc and is about 1.6 for ∆ disc >5 au (column 5 in the second part of Table 4) 
Perihelion distances
The differences in ∆ disc for Oort spike comets and remaining LPCs discussed in previous two paragraphs obviously translate into the differences of perihelion distance distributions for these samples of LPCs. Fig. 7 shows histograms for Oort spike comets (upper panel), remaining LPCs (middle panel) and parabolic comets (lowest panel) for objects discovered in the years 1980-2017 (full red, blue and black histograms) and in the 1801-2017 period (outlined red, blue and black histograms, respectively). As we can expect from the previous discussion, the distribution of Oort spike comets drops much slower (upper red histograms in Fig. 7 ) than for remaining LPCs (middle blue histograms) as q increases. A similar trend for a wider distribution of Oort spike comets was also described by Neslušan (2007, see his Fig. 2 ) when he compared Oort spike comets (he called them dynamically new comets, however as we mention above, this term is not appropriate for comets defined solely by the condition: 1/aori < 10 −4 au −1 ). His work was based on Marsden & Williams (2003) .
Generally, we notice here that all three distributions describing the samples of comets discovered since 1801 are significantly more peaked in the small perihelion distances than the respective distributions describing the discoveries in the 1980-2017 period. This is the result of a significant increase in observation sensitivity during the last two hundred years. Thanks to a rich sample of LPCs analysed here, we can next exclude comets discovered before 1980, which does not make the sample substantially smaller, and gives a more interesting comparison due to a more homogeneous sample in terms of observation capabilities.
We focus here on distributions based on discoveries after 1980 also because in this period we only have a few parabolic comets that could have only a minor impact on the distributions of LPCs. One can notice that the distribution of Oort spike comets is only slightly decreasing (in a rough approximation it is almost uniform) in the range 0-6 au for comets discovered in this period (full red histogram), and starting from q = 6 au a systematic decrease is observed up to 10 au. Distribution of the remaining LPCs is different (full blue histogram). It increases between 0-1.5 au (first three bins), peaks around 1.5-2.5 au (next two bins) and rapidly decreases between 2.7-7 au; only a few comets with q > 7.0 au were discovered.
Therefore, the conclusion is that the observed perihelion distance distributions of all three samples of LPCs correspond with our result drawn above that the Oort spike comets are discovered statistically at larger distances so such comets with large perihelion distances are more numerous. Table 5 . Ratio of large-perihelion number of comets to small-perihelion comets in function of 1/a ori for LPCs with semimajor axis larger than 100 au. Principal numbers are given for LPCs discovered after 1980, whereas statistics for LPCs detected since 1801 are given in parantheses; see text for details.
Range of 1/a ori
Number of LPCs Ratio of large/small [in au −1 ] q < 3.1 au q > 3.1 au perihelion LPCs < 0.000000 23 (34) 4 (6) 0.17 (0.18) 0.000000 -0.000040 38 (62) 46 (55) 1.21 (0.89) 0.000040 -0.000100 32 (62) 59 (68) 1.84 (1.10) 0.000100 -0.000200 7 (16) 22 (22) 3.14 (1.37) 0.000200 -0.000500 21 (39) 29 (31) 1.38 (0.79) 0.000500 -0.001000 45 (67) 26 ( For near-parabolic orbits the most indeterminable parameter is 1/a. While we might use the remaining elements as more or less reliable approximations we can state nothing on the shape of these orbits, except that their eccentricities are probably greater than 0.97 or so, see the examples presented in Table 1 . For this reason in the present and the next sections we discuss the statistics and distributions excluding parabolic comets, however, we try to take them into account in some general conclusions drawn at the end of this section. Distributions of comets having small and large perihelion distances in a function of a semimajor axis of their original barycentric orbits are presented in Fig. 8 . A qualitatively similar difference in distributions was observed by Neslušan (2007, see his Fig. 1 ) for the subgroup of LPCs with q < 1 au and the full sample of LPCs discovered up to 2003. The significant difference between two distributions of large-and small-perihelion LPCs presented here is easy to see. The largeperihelion LPCs distribution (lower green histogram) decreases much faster towards the shorter semimajor axes than the distribution of small-perihelion LPCs (upper olive histogram). This, of course, translates into a variable number ratio between these two subsamples of LPCs in each of these bins. In the second bin from the left (semimajor axis longer than 5000 au) we have a little bit greater number of large-perihelion LPCs than small-perihelion LPCs but the whole subsample of small-perihelion LPCs is 2.3 times more numerous.
In the next few bins a tendency to more or less systematic decrease in the contribution of large-perihelion LPCs relative to small-perihelion comets for a semimajor axis shorter than 5000 au is well visible in Fig. 9 . Generally, for aori > 1000 au the number ratio is above the horizontal dotted line representing the mean number ratio of large-perihelion comets to small-perihelion objects averaged over the entire sample of LPCs. Towards the smaller original semimajor axis the tendency is reversed and the number ratio in consecutive bins is generally smaller than the mean number ratio except for the interval of 0.0016 au −1 < 1/aori < 0.0018 au −1 (555 au < aori < 625 au). However for aori < 1000 au we have rather poor statistics, especially for large-perihelion LPCs. Table 5 shows the number ratio of large-perihelion to smallperihelion LPCs divided into seven different ranges of 1/aori, where the first three rows cover the Oort spike and in the next four rows are LPCs with more tight orbits. To reduce the impact of parabolic comet, only LPCs discovered after 1980 are taken into account. Statistics are poor only for 1/aori < 0 and for the range 0.000100 au −1 < 1/aori < 0.000200 au −1 . However, similar behaviour is also observed for all LPCs discovered after 1800, see numbers given in Table 5 in parantheses.
It is clearly visible that the contribution of large-perihelion comets systematically increases(for 1/aori < 0.000200 au −1 ) and next decreases (for 1/aori > 0.000200 au −1 ) along with the shortening of their original semi-major axes. This decrease in ratio for semimajor axis shorter than 5000 au is evident and is not significantly contaminated by omitting parabolic comets in these statistics. It is worth noting that the ratio of large-perihelion to smallperihelion LPCs drops more than three times in this 1/aori-interval (from 1.4 to 0.3, see Table 5 ).
Situation is different, however, with the initial percentage increase of large-perihelion LPCs within the Oort spike and a bit further (1/aori < 0.000200 au −1 ). It is necessary to take here into account the discoveries of parabolic comets as well as the potential impact of NG effects on this statistics. The latter is closely related to the existence of comets with formally hyperbolic orbits. It is worth to remember that orbits of these comets are only slightly hyperbolic and uncertainties of 1/aori allow us to include these objects to the Oort spike comets with closed orbits. Additionally, all these orbits were determined ignoring NGF, and it should be reminded here that for individual comet with detectable nongravitational effects, the orbit becomes generally more tight than purely gravitational orbit. Thus, we can assume that comets with a negative 1/aori (85 percent of them are small-perihelion comets) could feed the other 1/aori-ranges if non-gravitational orbits could be determined. This would result in some decrease in the ratio value (last column of Table 5 ) for ranges within the Oort spike or even for 1/aori < 0.000200 au −1 . We can expect an additional reduction in this ratio after including parabolic comet to this statistics because as many as 34 parabolic comets have been discovered since 1980, and 29 of them have perihelia closer than 3.1 au to the Sun. Thus, these comets reduce the percentage contribution of large-perihelion LPCs in the range of 1/aori < 0.000200 au −1 from 57 to 51 per cent. Unfortunately, it is not possible to prove whether the observed increase in ratio within three ranges of positive semimajor axis up to 1/aori = 0.000200 au −1 would still be then preserved.
OBSERVED SHAPE OF THE OORT SPIKE
One third of all LPCs discovered between 1801-2017 with e = 1 creates the Oort spike (in a wider sense, i.e. with 1/aori < 0.0001 au −1 , see Table 2 ) and as much as 45 per cent of them are large-perihelion comets (q > 3.1 au). This sample of Oort spike comets were investigated by us in detail in our previous papers (see KD17 and references therein) . In KD17 we obtained the Oort spike shape taking into account the uncertainties of derived values of the original semimajor axes for 100 large-perihelion comets. It means that the Oort spike was constructed using the full swarms of 5001 VCs (virtual comets, including nominal orbit, see KD17 for a detailed description of this technique). To construct analogous histograms based on a complete sample of 287 Oort spike comets and other LPCs, we use a mixed technique here. Currently, we have original orbital solutions for 134 large-perihelion LPCs (KD17, and Królikowska and Dybczyński in prep.) and 109 small-perihelion LPCs (Królikowska 2014; Królikowska et al. 2014 ; Królikowska & Dybczyński 2016 ); Królikowska et al., Figure 9 . Number ratio of large-perihelion LPCs to small-perihelion LPCs in function of 1/a-original for the same bins as in Fig. 8 , but only for the range of the first thirteen of them (1/a ori < 0.0024 au −1 ). Horizontal dotted black line indicates the mean number ratio of large-perihelion to small perihelion LPCs averaged over the entire sample of LPCs with e = 1. in prep.). We used normalized full swarms of 1/aori-distributions for all above comets. The resulted distributions are given as fully coloured histograms presented in Fig. 10 for large-perihelion comets (lowest panel), small-perihelion comets (middle panel) and all these LPCs together (upper panel). Next, we added nominal 1/aori-values for the remaining LPCs, and the cumulative result is presented with the contoured histograms in the same colour as the full histogram in Fig. 10 .
Let us stress that the 1/aori-distribution of large-perihelion comets takes into account the semimajor axis uncertainties for 85 per cent of all observed Oort spike comets in this sample (lowest panel in Fig. 10 ). Thus, in this case the observed shape of the Oort spike is constructed quite precisely. Two local maxima around 20 and 40 in units of 10 −6 au −1 are visible in this case. For a more detailed discussion of the possible source of this feature see KD17.
It is much worse with the precision of the Oort spike reconstruction for small-perihelion comets. Oort spike shape reveals a fairly smooth maximum between 10 and 60 in units of 10
for comets with the detailed uncertainty statistics of 1/aori (full histogram). This maximum can be only slightly extended due to the individual widths of 1/aori swarms because, so far, we have been dealing with comets with orbits of the first quality class (with a typical uncertainty of 1/aori-value below 2 × 10 −6 au −1 ), rarely of the second class.
Only a set of 25 small-perihelion 'parabolic' comets in JPL database and three other LPCs (C/1904 Y1, C/1940 S1, and C/1959 Y1) have poor quality orbits (1/aori-uncertainty greater than the width of Oort spike, for examples see Table 1 ). Additionally, the maxima of 1/aori distributions of VCs swarms for almost all these comets are located far beyond the right border of Fig. 10 , except five comets (C/1904 Y1, C/1925 X1, C/1927 A1, C/1959 Y1, and C/2007 Q1) with a nominal orbit within the Oort spike. We have checked that the cumulative 1/aori-distribution for all these comets creates only a barely elevated background in Fig. 10 , fluctuating in the range of about 0.02-0.05 LPCs/per bin within the Oort spike. Thus, these comets are not responsible for such a quite smooth and rather wide Oort spike maximum for small-perihelion LPCs (red full histogram). However, the precise distribution using full swarms of VCs is constructed here only for 50 per cent of known small-perihelion Oort spike comets. Among the remaining small-perihelion Oort spike comets (that contribute to the outlined distribution with their nomi- nal orbit only) there is a larger fraction of second class orbits. Thus, we can expect that their individual 1/aori-distributions would be more diffuse and the shape of the Oort spike for small-perihelion comets fully based on individual 1/aori-distributions of VCs may turn out to be similarly wide as presented now fully coloured distribution, or (which is less likely) indicate traces of two narrower maxima.
SUMMARY
This paper presents a rich picture of statistical behaviour of a complete set of 1065 LPCs discovered since 1800. After a careful discrimination between hyperbolic, parabolic and so called 'other' comets (i.e. having the definitive eccentricity smaller than one) on the basis of their osculating orbit elements as well their original semimajor axis we construct two samples of LPCs: Oort spike comets and LPCs with more tight orbits. Next, we show several interesting statistics of their discovery circumstances and their orbital parameters.
We discuss in detail the influence of a group of parabolic comets on the presented statistics. To minimize their impact on a various kind of LPCs statistics, we determined and used the definitive orbits for about 40 parabolic comets from JPL database, where more than 20 of these orbits were determined in the present study (see Table 1 ). Next, we show that this reduced subset of 181 LPCs with indeterminable eccentricities, and semimajor axes, do not change our statistics in a significant manner.
We confirmed several well-known properties of the observed LPCs population and show how they evolve with time, which means that also with the increase of observational capabilities. Additionally, we noticed one new and very expressive feature: the percentage of large-perihelion comets is significantly higher in a group of the Oort spike objects than for LPCs moving on more tight orbits. This percentage grows continuously from the half of the previous century and it is not clear whether it has already reached its maximum or will continue to grow (see Fig. 4 and Table 3 ).
To explain this feature we studied in detail discovery circumstances for all studied LPCs, and found that the Oort spike comets are discovered statistically at larger geocentric and heliocentric distances, especially in the last decades. This effect can be a direct consequence of a well-known comet fading process in subsequent apparitions due to their surface ageing. This interpretation is strongly supported by presented continuous decrease of the ratio of large-to small-perihelion LPCs with the increasing value of their 1/aori-values in a quite wide interval of at least 0 < 1/aori < 0.001 au −1 (see Fig. 9 and Table 5 . However, the second possibility, not excluding the first, is that this may also be the effect of some differences in actual perihelion distance distributions between Oort spike comets and LPCs moving on more tight orbits, especially in the range of q > 4 au (see Fig. 7 ).
We also noticed that a subgroup of LPCs discovered at elongations > 90
• is much more differentiated both in dynamical and physical LPCs properties, mainly due to the lack of most observational selection effects.
The results shown in this paper are based on the division of all LPCs with known eccentricities into two subgroups depending on their 1/aori-values: Oort spike comets (1/aori < 10 −4 au−1) and remaining LPCs. It would be much more interesting to additionally divide the Oort spike comets into dynamically new and dynamically old objects, and to investigate differences in these three constructed subgroups of LPCs. For this, however, it is necessary to know previous perihelion distances for these objects, see for example Dybczyński (2001) or KD17. So far, we have obtained such the data for only a half of small-perihelion Oort spike comets, and about 85 per cent of large-perihelion Oort spike comets (see sec. 6). We are still working in a long-standing project focusing on the study of past and future dynamical evolution of Oort spike comets. This task is significantly more difficult for small-perihelion comets, where non-gravitational effects are important and have to be included in the process of osculating orbit determination. This work is in progress.
